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PREFACE. 


IT  has  been  found  that  the  Engineering  Pocket  Books 
in  most  <?fmeral  nse  erive  comnarativelv  little  information 


ERRATA. 
P.  29,  last  line,  for  «  2  "  in  2640  read  "  1 "  in  2640. 

P.  32,  heading,  for  sewer  2  feet  6  inches  x  1  foot  "  10"  inches 
read  1  foot  "  8  "  inches. 

P.  62,  heading,  second  line,  for  Hardness  (columns  "  3,  4,  and 
5  "  read  «  2,  3,  and  4." 

P.  65,  first,  weight  per  yard  of  2-inch  pipe,  for  "  0.2.24  "  read 
"0.0.24." 


i  Every  precaution  has  been  taken,  as  far  as  possible,  to 
guard  against  errors  both  in  the  calculations  and  printing. 
If  however,  notwithstanding,  any  mistakes  should  be  dis- 
covered, the  author  will  be  greatly  obliged  by  having  them 
pointed  out  to  him. 

6,  DELAHAY  STREET,  WESTMINSTER, 
November  1883. 


PREFACE. 


IT  has  been  found  that  the  Engineering  Pocket  Books 
in  most  general  use  give  comparatively  little  information 
relating  to  Sewerage  and  Water  Supply.  And  even  the 
large  and  valuable  works  of  the  late  Mr.  Beardmore  and 
others  contain  somewhat  abridged  Tables  applicable  to  the 
calculations  most  frequently  required  in  designing  and 
carrying  out  works  of  moderate  size. 

The  Tables  in  this  book  have  been  calculated  from  time 
to  time  by  the  author  to  meet  his  own  requirements. 
Thinking  it  probable  that  other  engineers  will  have 
experienced  the  same  want  as  himself,  he  has  now  been 
induced  to  make  them  public.  The  greater  part  have 
been  used  in  manuscript  for  some  years ;  but  a  few 
additional  Tables  have  been  recently  added  in  order  to 
make  the  work  more  complete. 

i  Every  precaution  has  been  taken,  as  far  as  possible,  to 
guard  against  errors  both  in  the  calculations  and  printing. 
If  however,  notwithstanding,  any  mistakes  should  be  dis- 
covered, the  author  will  be  greatly  obliged  by  having  them 
pointed  out  to  him. 

6,  DELAHAY  STBEET,  WESTMINSTER, 
November  1883. 


CONTENTS. 


PAGE 

Introduction  and  Description  of  the  Tables       7 

TABLE 

I.  Quantity  of  Water  contained  in  Pipes,  Wells,  and 

Circular  Tanks,  per  foot  in  length  or  depth   . .  13 
II.  Quantity  of  Water  contained  in  Square  Cisterns 

or  Tanks,  per  foot  in  depth        13 

III.  Flow  of  Water  through  Sluices     14 

IV.  Flow  of  Water  over  Weirs      15 

V.  Flow  in  Circular  Sewers  or  Conduits  at  various 

depths 16-29 

VI.  Flow  in  Egg-shaped  Sewers  at  various  depths    . .     30-41 

VII.  Flow  in  Pipes  (running  full) 42-47 

VIII.  Quantity  of  Sewage  due  to  Population        . .      . .  48 
IX.  Quantity  and  Discharge  from  Areas  due  to  Rain- 
fall           50 

X.  Annual  Rainfall  in  British  Isles 52 

XI.  Monthly  Rainfall  in  ditto      55 

XII.  Daily  and  Hourly  Maximum  Rainfall  in  ditto    ..  57 

XIII.  Water  Supply  by  Gravitation — Works  for  given 

Populations 58 

XIV.  Water    Supply  by  Pumping — Works  for  given 

Populations 60 

XV.  Analysis  of  quality  of  Water  used  for  Domestic 

Supplies        62 

XVI.  Quantity  of  Brickwork  in  Circular  Sewers,  Cul- 
verts, and  Wells 64 

XVII.  Quantity  of  Brickwork  in  Egg-shaped  Sewers    ..  64 

XVIII.  Weight  of  Cast-iron  Pipes      65 

XIX.  Weight  of  Lead  Pipes     66 


DESCRIPTION  AND  REMARKS  ON  THE  USE 
OF  THE  TABLES. 


TABLES  I.  and  II.  show  the  quantities  of  water  in  gallons 
per  foot  contained  in  pipes,  wells,  tanks,  &c.,  of  given 
dimensions,  and  require  no  explanation. 

Tables  III.  and  IV.  give  the  discharge  in  gallons  per 
minute  of  water  passing  through  sluices  and  over  weirs 
under  ordinary  conditions.  Correction  is  required  in 
case  of  bell-mouthed  or  specially  formed  orifices,  and  also 
where  there  is  any  considerable  velocity  of  current  in 
approaching  the  outlets,  but  the  notes  at  the  head  of  the 
Tables,  to  which  attention  should  be  directed,  will  enable 
this  to  be  made  with  sufficient  accuracy  for  most  practical 
purposes. 

Table  V.  shows  the  velocity  and  discharge  under 
varying  conditions  of  flow  in  circular  sewers  and  conduits, 
from  9  inches  to  6  feet  in  diameter. 

In  designing  and  carrying  out  sewerage  works,  it  is  im- 
portant to  know  not  only  the  maximum  carrying  capacity 
of  the  sewers,  but  also  the  effect  produced  by  the  much 
smaller  quantity  which  will  be  generally  flowing  through 
them.  This  is  essential  in  order  to  ascertain  whether 
flushing  will  be  required,  and  if  so,  what  quantity  of 
water  will  be  needed  for  the  purpose.  The  Table  conse- 
quently shows,  not  only  the  maximum  discharge  and 
velocity  of  each  kind  of  sewer  uuder  the  most  favourable 
circumstances,  but  also  the  discharge  and  velocity  of  the 
same  sewers  when  full  to  one-half,  one  quarter,  and  one- 
eighth  only  of  their  heights  respectively.  If  a  sewer 
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should  at  any  time  run  quite  full,  its  discharge  will  be 
somewhat  less  than  that  indicated  in  the  fourth  column, 
the  velocity  of  current  being  in  that  case  considerably 
diminished  by  friction  against  the  top.  With  any  cir- 
cular conduit  the  velocity  when  full  is  exactly  the  same, 
and  the  discharge  just  double  that  when  half-full ;  the  pre- 
cise figures  for  a  sewer  running  full  may  therefore  be 
ascertained,  if  required,  from  the  third  column  of  Table 
by  doubling  the  discharge. 

A  velocity  of  150  feet  per  minute,  or  2^  feet  per 
second,  is  generally  considered  sufficient  to  remove  all 
obstacles  of  the  ordinary  character  found  in  sewers.  The 
quantity  of  water  required  to  produce  this  velocity  in 
each  case  is  given  in  the  last  column  of  the  same  Table, 
and  will  be  found  especially  useful  in  designing  flushing 
arrangements. 

Table  VI.  gives  precisely  similar  information  for  egg- 
shaped  sewers,  as  Table  V.  for  circular  sewers. 

Table  VII.  gives  the  discharge  of  pipes  from  £-inch 
to  3  feet  diameter,  when  running  full  at  various  inclina- 
tions or  pressures.  It  should  be  remembered  that  the 
velocity  of  water  passing  through  a  line  of  pipes  of  any 
considerable  length  depends  not  on  the  inclination  of  any 
particular  section,  but  on  the  hydraulic  gradient  through- 
out, or  ratio  of  head  of  water  to  length  of  pipe;  the 
"  head  "  being  the  difference  of  level  between  the  surface 
at  or  above  the  upper  end  of  the  pipe,  and  that  of  the 
cistern  or  pond  into  which  it  delivers,  or  if  it  has  a  free 
outlet,  the  lower  end  of  the  pipe  itself.  This  velocity, 
except  for  slightly  increased  friction  at  bends,  is  entirely 
independent  of  the  course  of  the  pipes,  whether  laid  at  a 
uniform  inclination  or  otherwise,  also  whether  commencing 
at  or  below  the  upper  surface  and  discharging,  if  not 
freely,  at  or  below  the  lower  surface. 

The  formula  which  has  been  used  in  the  calculations 
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for  Tables  V.,  VI.,  VII.,  is  that  known  as  Eytelwein's 
Formula,  which  is  the  basis  of  the  tables  contained  in 
Beardmore's  '  Manual  of  Hydrology.'  The  formula  used 
in  Neville's  Tables,  and  those  found  in  Hurst's  and 
Molesworth's  Pocket  Books,  gives  generally  rather  higher 
results:  varying  in  fact  from  about  20  per  cent,  higher 
in  the  case  of  the  sharpest  inclinations  quoted  in  Tables 
V.  and  VI.  herein  to  5  per  cent,  in  case  of  the  flattest  in 
the  same  Tables.  And  referring  to  Table  VII.,  Neville's 
formula  would  give  results  varying  from  about  25  per 
cent,  higher  at  the  top,  to  from  2  to  5  per  cent,  lower  at 
the  foot  of  each  page. 

Except  with  very  flat  inclinations,  it  may  therefore  be 
fairly  assumed  that  the  results  here  given  are  somewhat 
within  the  mark,  and  this  is  especially  the  case  with  the 
larger  sewers  and  pipes. 

Table  VIII.  is  intended  to  assist  in  designing  the  capa- 
city of  sewers,  and  shows  at  a  glance  the  quantity  of 
sewage,  irrespective  of  rain  and  surface  water,  which  should 
be  allowed  for  given  populations.  In  certain  cases  (see 
note  at  foot  of  Table),  the  allowance  for  rain  may  also  be 
calculated  on  the  basis  of  population  with  the  help  of  the 
last  column  of  the  Table,  but  under  ordinary  circum- 
stances this  should  be  taken  in  proportion  to  area  as 
shown  by  Table  IX.,  next  following. 

Table  IX.  shows  the  quantity  of  water  due  to  rainfall 
over  given  areas,  and  the  quantities  in  gallons  per  minute, 
when  running  off  at  different  rates  of  flow.  The  latter 
columns  of  the  Table  are  intended  for  calculating  the 
capacity  of  sewers  ;  and  the  second  and  third  columns  for 
estimating  the  quantity  of  water  that  can  be  collected 
from  areas  and  gathering  grounds  for  irrigation  or  water 
supply.  The  areas  dealt  with  range  from  100  square 
feet  (representing  the  roof  of  a  small  building)  to  one 
square  mile. 
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Tables  X.,  XI.,  XII.,  are  rainfall  Tables,  extracted 
principally  from  those  prepared  by  Mr.  Symons,  for  the 
Annual  Reports  of  the  Meteorological  Society.  That 
showing  the  monthly  distribution  at  Edinburgh  is, 
however,  taken  from  figures  contained  in  a  valuable  paper 
on  the  water  supply  of  that  city,  by  Mr.  A.  Leslie,  C.E., 
which  was  read  at  the  Institution  of  Civil  Engineers 
last  session. 

Tables  XIII.  and  XIV.  are  intended  to  facilitate  the 
preparation  of  preliminary  reports  and  rough  estimates 
for  works  of  water  supply,  and  show  the  approximate 
dimensions  of  reservoirs,  filter  beds,  main  pipes,  pump- 
ing machinery,  &c.,  required  for  the  supply  of  given  popu- 
lations. It  is  not  of  course  asserted  that  the  constant 
numbers  assumed  in  the  headings  of  the  columns  are 
universally  applicable ;  and  some  few,  e.  g.  100  feet 
lift  to  be  pumped,  are  necessarily  arbitrary.  But  the 
differences  due  to  variations  in  these  conditions  can  be 
ascertained  generally  either  by  inspection  or  by  a  short 
calculation,  and  results  may  be  thus  arrived  at  with  much 
greater  facility  than  if  the  Tables  were  not  available. 

Table  XV.  gives  results  of  analyses  of  potable  waters. 
To  engineers  and  others,  not  constantly  or  very  frequently 
engaged  in  investigating  the  quality  of  water,  the  figures 
presented  by  an  analysis  convey  little  information  without 
some  readily  available  standard  of  comparison.  This  it 
is  endeavoured  to  afford  by  means  of  this  Table,  which  con- 
tains the  results  of  analyses  of  well-known  waters  from 
nearly  every  description  of  source. 

It  is  not  proposed  here  to  give  any  opinion  on  the  much 
disputed  question  of  the  determination  of  organic  matter 
in  water.  This  was  formerly  attempted  to  be  shown  by 
the  "loss  on  ignition"  of  the  dissolved  solid  mattersf 
and  subsequently  by  the  "  oxygen  required  to  oxidise 
oxidisable  matter"  therein.  Both  these  methods  have 
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been  generally  abandoned,  but  other  two  are  still  in  use. 
The  first  of  these,  known  as  the  combustion  process,  and 
adopted  by  Dr.  Frankland  and  others,  is  to  ascertain  the 
quantities  of  carbon,  nitrogen,  and  ammonia  set  free 
from  the  solid  matter  during  combustion,  and  which  are 
believed  to  be  organic  carbon  and  nitrogen.  Dr.  Frankland 
in  his  reports  also  gives  always  the  nitrogen  found  in  the 
solid  residue  as  nitrates,  which  are  mineral  not  organic 
substances,  but  are  liable  to  have  derived  their  origin  from 
organic  substance  since  disappeared. 

The  second  method  of  determining  the  organic  matter 
is  called  the  "  ammonia  process,"  and  consists  in  a  distilla- 
tion of  the  water  by  means  of  which  the  nitrogen  contained 
in  any  organic  substances  is  necessarily  turned  into  am- 
monia ;  and  this  is  called  "  free  "  or  "  albumenoid  "  am- 
monia according  as  it  is  evolved  in  the  first  or  second 
stage  of  the  process. 

As  both  these  methods  are  still  in  use  by  eminent 
chemists,  it  is  thought  desirable  to  give  results  of  each  of 
them.  The  first  nine  columns  of  the  Table  accordingly  con- 
tain (1)  the  total  solid  matter  dissolved  in  the  water  ; 
next  the  portion  of  this  total  which  consists  of  earthy  salts, 
commonly  known)  as  "  hardness,"  and  divided  into  (2) 
"  temporary "  hardness,  i.  e.  removable  by  boiling  the 
water ;  and  (3)  "  permanent ; "  (4)  the  total  hardness ;  (5) 
the  chlorine ;  (6)  organic  carbon  ;  (7)  organic  nitrogen  ; 
(8)  ammonia  ;  and  (9)  the  nitrogen  contained  in  nitrates  : 
all  these  being  obtained  by  the  combustion  process.  The 
whole  of  this  part  of  the  Table  is  from  analyses  made 
principally  by  Dr.  Frankland,  and  which  have  been 
published  from  time  to  time  in  the  Eeports  of  the  Eivers 
Pollution  Commissioners  and  other  official  documents.  In 
columns  10  and  11  will  be  found  the  quantities  of  free 
and  albumenoid  ammonia  evolved  by  the  ammonia  pro- 
cess, from  specimens  of  the  same  waters ;  and  for  the 
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information  contained  in  these  columns  the  author  is 
indebted  to  Professor  Wanklyn,  the  inventor  of  that 
process. 

Tables  XVI.  and  XVII.  give  the  quantities  of  brickwork 
per  yard  in  sewers,  culverts,  &c.,  and  require  no  expla- 
nation. 

Table  XVIII.  gives  the  weight  per  yard  of  cast-iron 
pipes  adapted  to  different  pressures  of  water.  These 
weights  have  been  arrived  at  not  by  theoretical  calculation, 
but  by  a  careful  comparison  of  the  specifications  and  recent 
practice  of  experienced  engineers.  They  agree,  however, 
nearly  with  the  calculated  strengths  as  given  by  Mr.  Box 
in  his  Hydraulic  Tables.  The  weights  for  various  safe 
heads  found  in  Table  14  of  Beardmore's  '  Manual  of  Hy- 
drology,' are  certainly  insufficient  according  to  recent 
practice. 

Table  XIX.  gives  the  weights  per  yard  of  lead  service 
pipes  of  five  different  qualities  as  described  in  the  note 
appended  to  the  Table. 


HYDRAULIC    AND   OTHER    TABLES. 


13 


TABLE  I. — QUANTITY  of  WATER  contained  in  PIPES,  WELLS,  and 
CIRCULAR  TANKS,  per  foot  in  length  or  depth. 


Diam. 

Contents. 

I'i.iin. 

Contents. 

Diam. 

Contents. 

Diam. 

Contents. 

inches. 

gals,  per 
took 

ft.    In. 

gals,  per 
foot 

feet. 

gals,  per 
foot 

feet. 

gals,  per 
foot 

1 

•005 

1     9 

15  0 

11 

594 

90 

39,758 

1 

•008 

2     0 

19-6 

12 

707 

100 

49,088 

f 

•019 

2    3 

24-8 

13 

829 

110 

59,396 

1 

•034 

2    6 

30-7 

14 

962 

120 

70,685 

11 

•076 

2    9 

37-1 

15 

1,104 

130 

82,956 

2 

•135 

3    0 

44-2 

16 

1,256 

140 

96,211 

2* 

•212 

3    3 

51-8 

17 

1,418 

150 

110,447 

3 

•305 

3    6 

60-2 

18 

1,590 

160 

125,664 

4 

•54 

3    9 

69-0 

19 

1,772 

170 

141,862 

5 

•85 

4    0 

78-5 

20 

1,963 

180 

159,044 

6 

1-22 

4    6 

99-4 

25 

3,068 

190 

177,206 

7 

1-66 

5    0 

122-7 

30 

4,418 

200 

196,350 

8 

2-17 

5    6 

148-5 

35 

6,013 

250 

306,796 

9 

2-75 

6    0 

176-7 

40 

7,854 

300 

441,788 

10 

3-39 

6    6 

207-4 

45 

9,940 

350 

601,322 

11 

4-12 

7    0 

240-5 

50 

12,272 

400 

785,400 

12 

4-91 

7    6 

276-1 

55 

14,850 

500 

1,227,190 

13 

5-75 

8    0 

314-2 

60 

17,671 

600 

1,767,150 

14 

6-67 

8    6 

354-7 

65 

20,740 

700 

2,405,290 

15 

7-67 

9    0 

397-6 

70 

24,053 

800 

3,141,600 

16 

8-72 

9    6 

443-0 

75 

27,611 

900 

3,975,750 

18 

11-04 

10    0 

490-9 

80 

31,416 

1000 

4,908,750 

TABLE  II. — QUANTITY  of  WATER  contained  in  SQUARE  CISTERNS  or 
TANKS,  per  foot  in  depth. 


Length 
of 
Side. 

Contents. 

Length 
of 
Side. 

Contents. 

Length 
of 
Side. 

Contents. 

Length 
of 
Side. 

Contents. 

ft.  in. 

gals,  per 
foot 

ft.  in. 

gals,  per 
foot 

feet 

gals,  per 
foot 

feet 

gals,  per  foot 

1     0 

6-25 

6     0 

205 

25 

3,906 

90 

50,625 

1     6 

14-06 

7    0 

306 

30 

5,625 

100 

62,500 

2    0 

25-00 

8    0 

400 

35 

7,756 

125 

156,250 

2    6 

39-06 

9    0 

506 

40 

10,000 

150 

140,625 

3    0 

56-25 

10    0 

625 

45 

12,656 

200 

250,000 

3    6 

77-56 

11     0 

756 

50 

15,625 

300 

562,500 

4    0 

100-00 

12    0 

900 

60 

20,500 

400 

1,000,000 

4    6 

126-56 

15    0 

1,406 

70 

30,625 

500 

1,562,500 

5    0 

156-25 

20    0 

2,500 

80 

40,000 

1000 

6,250,000 

H 
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TABLE  III. — FLOW  of  WATER  through  SLUICES  and  OPENINGS. 

NOTE. — The  "  Head  of  Water  "  in  the  Table  must  represent  the  depth  from 
the  surface  to  the  centre  of  the  opening ;  or  if  the  opening  be  submerged,  then 
the  difference  of  level  between  the  surfaces  above  and  below. 

If  the  opening  be  bell-mouthed,  or  be  a  sluice  having  curved  side  walls 
properly  tapering  inwards  to  the  narrowest  part,  the  discharge  will  be  greater 
than  that  shown  by  the  Table,  to  the  extent  of,  in  case  of  the  best  form  of 
opening,  about  50  per  cent. 


Head 
of 
Water. 

Discharge 
per  Square 
Foot  in 
Area  of 
Opening. 

Head 
of 
Water. 

Discharge 
per  Square 
Foot  in 
Area  of 
Opening. 

Head 
of 
Water. 

Discharge 
per  Square 
Foot  in 
Area  of 
Opening. 

Head 
of 
Water. 

Discharge 
per  Square 
Foot  in 
Area  of 
Opening. 

ft.     In. 

galls,  per 
minute 

ft.    in. 

gall  a.  per 
minute 

ft.    in. 

galloper 
minute 

ft.     in. 

gals,  per 
minute 

i 

382 

2    3 

2,813 

8    3 

5,385 

16    6 

7,616 

541 

2    6 

2,964 

8    6 

5,466 

17    0 

7,731 

1* 

663 

2    9 

3,110 

8    9 

5,546 

17    6 

7,844 

2 

765 

3    0 

3,248 

9    0 

5,625 

18    0 

7,956 

2} 

856 

3    3 

3,379 

9    3 

5,702 

18    6 

8,064 

3 

937 

3    6 

3,507 

9    6 

5,779 

19    0 

8,173 

3J 

1,014 

3    9 

3,631 

9    9 

5,854 

19    6 

8,280 

4 

1,082 

4    0 

3,751 

10    0 

5,929 

20    0 

8,385 

5 

1,210 

4    3 

3,865 

10    3 

6,004 

21     0 

8,590 

6 

1,326 

4    6 

3,977 

10    6 

6,075 

22    0 

8,796 

7 

1,432 

4    9 

4,086 

10    9 

6,148 

23    0 

8,991 

8 

1,530 

5    0 

4,192 

11     0 

6,219 

24    0 

9,184 

9 

1,624 

5    3 

4,295 

11     3 

6,288 

25    0 

9,375 

10 

1,712 

5    6 

4,398 

11     6 

6,358 

26    0 

9,558 

11 

1,794 

5    9 

4,495 

11     9 

6,427 

27    0 

9,744 

1     0 

1,875 

6    0 

4,592 

12    0 

6,495 

28    0 

9,920 

1     1 

1,951 

6    3 

4,687 

12    6 

6,628 

30    0 

10,269 

1     2 

2,025 

6    6 

4,779 

13    0 

6,759 

32    0 

10,605 

1     3 

2,096 

6    9 

4,872 

13    6 

(J,8S,S 

34    0 

10,933 

1     4 

2,165 

7    0 

4,960 

14    0 

7,015 

36    0 

11,253 

1     5 

2,231 

7    3 

5,048 

14    6 

7,139 

38     0 

11,557 

1     6 

2,296 

7    6 

5,135 

15    0 

7,262 

40     0 

11,857 

1     9 

2,480 

7    9 

5,219 

15    6 

7,:5S2 

45     0 

12,577 

2    0 

2,651 

8    0 

5,302 

16    0 

7,502 

50     0 

13,256 
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TABLE  IV.— FLOW  of  WATER  over  WEIRS. 

NOTE. — The  "  Depth  "  must  represent  difference  in  level  between  the  sill 
of  the  weir  and  the  surface  of  still  water  above  it.  If  the  water  approaches 
the  weir  with  a  current  having  a  perceptible  velocity,  the  discharge  will  be 
greater  than  that  shown  by  the  Table  to  an  extent  depending  on  the  velocity ; 
a  velocity  of  2  feet  per  second  will  be  equivalent  generally  to  about  half  an 
inch,  and  a  velocity  of  3  feet  per  second  to  about  three-quarters  of  an  inch 
additional  depth. 


Depth. 

Discharge 
per  Inch  in 
Width. 

Depth. 

Discharge 
per  Inch  in 
Width. 

Depth. 

Discharge 
per  Inch  in 
Width. 

Depth. 

Discharge 
per  Inch  in 
Width. 

inches 

gals,  per 

inin. 

inches 

gals  per 

inin. 

inches 

gals,  per 
min. 

ft.    in. 

gals,  per 
min. 

J 

•334 

4* 

22-37 

10* 

87-5 

2     1 

334 

A 

•467 

4i 

23-39 

10* 

90-8 

2     2 

354 

•613 

4f 

24-44 

lOj 

94-1 

2     3 

374 

1 

•944 

4 

25-49 

11 

97-4 

2     4 

395 

5 

1-329 

4£ 

26-56 

lit 

100  7 

2    5 

417 

| 

1-734 

4f 

27-64 

11* 

104-1 

2    6 

439 

1 

2-185 

*i 

28-74 

iif 

107-5 

2    7 

461 

1 

2-670 

5 

29-85 

12 

111-0 

2    8 

483 

U 

3  185 

5i 

30-97 

12* 

118-0 

2    9 

506 

l| 

3-818 

5f 

32-12 

13 

125-1 

2  10 

529 

lj 

4-305 

5| 

33-26 

13* 

132-5 

2  11 

553 

If 

4-905 

5l 

34-44 

14 

139-8 

3    0 

577 

If 

5-531 

5| 

35-62 

H* 

147-4 

3     1 

601 

if 

6-167 

5J 

36-85 

15 

155-1 

3    2 

625 

H 

6-855 

5£ 

38-02 

15* 

163-0 

3    3 

650 

2 

7-552 

6 

39-24 

16 

170-9 

3    4 

675 

2£ 

8-27 

6J 

41-72 

16* 

179-0 

3    5 

701 

2J 

9-01 

6* 

44-25 

17 

187-1 

3    6 

727 

2f 

9-77 

6| 

46-82 

17* 

195-5 

3    7 

753 

N 

10-55 

7 

49-45 

18 

203-9 

3    8 

779 

2f 

11-36 

n 

52-12 

18* 

212-3 

3    9 

806 

2f 

12-18 

7* 

54-84 

19 

221-1 

3  10 

833 

2| 

13-02 

7f 

57-61 

19* 

229-8 

3  11 

860 

3 

13-87 

8 

60-41 

20 

238-8 

4    0 

888 

H 

14-75 

8i 

62-54 

20* 

247-6 

4     1 

915 

3i 

15-64 

8* 

66-17 

21 

256-9 

4    2 

944 

3t 

16-55 

8f 

69-11 

21* 

265-9 

4    3 

972 

3| 

17-48 

9 

72-09 

22 

275-5 

4    4 

1000 

18-42 

9J 

75-12 

22* 

284-8 

4    6 

1060 

3§ 

19-39 

9* 

78-18 

23 

294-4 

4    8 

1120 

3i 

20-37 

9| 

81-29 

23* 

303-9 

4  10 

1180 

4* 

21-36 

10 

84-43 

24 

313-9 

5    0 

1240 
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TABLE  XII. — DAILY  and  HOURLY  MAXIMUM  RAINFALL. 


1 

£ 

Greatest  Ordinary  Heavy 
Fall  fas  defined  by  Me- 
teorological Society,  all 
beyond  thisbeing  recorded 
as  "  Extraordinary  "). 

Extraordinary  Falls  recorded  daring  the 
Years  1879,  1880  and  1881. 

boors 

fall  daring  the  year. 

5  •  42  at  Sligachan,  Skye  .  .      .  .      115-41 

2  inches,  where  the 
total  fall  during 
the  year  exceeds 
33  inches.. 

4-99  at  Seathwaite         ..      ..     130-58 
[Falls  of  6-41  and  6-70  have  been  recorded  at 
this  Station  in  previous  years.] 
14  •  85  at  Bridgend,  Glamorgan       121-12 
1-17  at  Aberdare     98'83 

3-91atNeath  85-83 

24 

6  per  cent,  of  the 
fall    during  the 
year,    where    it 
does  not  exceed 
33  inches  .. 

^3-80  at  Cambridge,  being  12-3  p.  c.  of  30-96 
3-75  at  Huntingdon     „     11-8       „      31-89 
/3-30at  Upwell             „     11-7       „       28'14 
13-57  at  Stockton          „     11-4      „       31-31 
3  -54  at  Northallerton  „     10-8      „      32-66 
l3-20at  Aboyne            „     10'6       „       30-01 

f  •  83  inch,  or  at  rate) 

J3  inches  =  1J  per  hour.     Rotherham,  Sept. 

(^    of  •  42  per  hour  J 

\     35,  1880. 

f  •  82  inch,  or  at  rate) 

1? 

(    of  "49  per  hour  / 

11 

f  •  78  inch,  or  at  rate) 

Jl-42  inches  =  -94  per  hour.     Ross,  Aug.  23, 

*i 

(     of  •  52  per  hour  / 

\     1881. 

u 

f  -  75  inch,  or  at  rate) 
I    of  •  60  per  hour  | 

J3-07  inches  =  2  '45  per  hour!   Athlone,  June 
\     25,  1880. 

1 

•70  inch       ..      ..' 

1-31  inches.     Congleton,  July  31,  1881. 

min. 

(  •  60  inch,  or  at  rate) 

45 

\    of  -80  per  hour  J 

on 

S-50  inch,  or  at  rate) 

J2  •  90  inches  =  5-80  per  hour  !     Cowbridge, 

Ov 

of  1  in.  per  hi.  J 

\     South  Wales,  July  22,  1880. 

25 

•44  inch,  or  at  rate  1 
of  1-06  in.  perhr.J 

Jl-  18  inches  =  2-18  per  hour.     Llandudno, 
\     May  26,  1881. 

20 

(  •  40  incli,  or  at  rate) 
\  of  1-20  in.  perhr.J 

Jl-48  inches  =  4-44  per  hour!     Barnstaple, 
\     June  30,  1879. 

1C 

(  •  35  inch,  or  at  rate  ) 

Id 

\  of  1-40  in.  perhr.J 

(  '41  inch   =    2  '46   per   hour.     Darlington, 

10 

(  •  30  inch,  or  at  rate) 

Jan.  11,  1881. 

Itf 

\  of  1-80  in.  perhr.J 

•51  inch  =3*40  per  hour.     Midmar(Aber- 

[    deen),  Aug.  23,  1879. 

f  '31   inch  in  5   minutes  =  3  '72  per  hour. 

{•  20  inch,  or  at  rate) 

Sheffield,  Aug.  17,  1879. 

of  2  -40  in.  perhr.J 

•27  inch  in  3£  minutes  =  4-63  per  hour. 

(     London,  June  24,  1879. 
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TABLE  XIII. — WATKB  SUPPLY  by  GRAVITATION — 
NOTE. — Dimensions  of  Service  Reservoirs  and  Distributing 


Supply  Required 
at  20  Gallons  per 
Head. 

Area  of 
fathering 

Population. 

Ground  for 
12  Inches 
Available 

Storage  Reservoir  to  Hold 
Supply  for  ISO  Days. 

Equiva- 

Daily. 

lent  per 

Rainfall. 

Minute. 

gallons 

gallons 

acres 

500 

10,000 

7 

13i 

175  ft.  diam.  by  10  ft.  deep 

1,000 

20,000 

14 

27 

226          „          12      „ 

2,000 

40,000 

28 

53* 

320          „          12      „ 

3,000 

60,000 

42 

80} 

/391          „          12      „      \ 
2|  acres  by    12      „      / 

5,000 

100,000 

70 

134 

3|        „          15      „ 

6,000 

120,000 

84 

161 

4*        „           15      „ 

8,000 

160,000 

112 

215 

6          „           15      „ 

10,000 

200,000 

139 

268 

/    7*        „           15      „      \ 
\     5i        „           20      „      / 

20,000 

400,000 

278 

536 

f  15          „           15      „      \ 
I  11          „           20      „      / 

80,000 

600,000 

417 

805 

16*        „           20      „ 

50,000 

1,000,000 

694 

1340 

27*        „           20      „ 

60,000 

1,200,000 

833 

1610 

33          „           20      „ 

80,000 

1,600,000 

1,111 

2145 

44          „           20      „ 

sq.  miles 

100,000 

2,000,000 

1,389 

4-2 

/  55          „           20      ,        I 
I  44          „           25      „      / 

500,000 

10,000,000 

6,944 

21 

/220          „           25      „      \ 
\183          „           30      „      f 

1,000,000 

20,000,000 

13,889 

42 

(440          „           25      „      \ 
\367          „           30      „/ 
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WORKS  for  GIVEN  POPULATION. 

Mains  same  as  for  Pumping  Works.    (See  next  page.) 


Filter  Beds  to  Pass  600  Gallons 
per  Super.  Yard  In  24  Hours, 
allowing  for  one  not  in  use. 

Main  Conduit  to  Pass  Supply  in 
24  Hours,  flowing  continuously. 

No.  2,  each    15  ft.  by  10  ft. 

/  1  £  inch,  loss  of  head 
1  2       „ 

lin  120 

1  „  400 

„      20    „     15  „ 

/  2       „ 

\3       „ 

1  „  120 
1  „  1000 

No.  3,     „      30    „     10  „ 

|  3       „ 
1  4       „            „ 

1  „  240 
1  „  1000 

.,         )t      30    ,,      15  ,, 

/  *       .. 
1  5       „ 

1  „  450 

1  „  1200 

»         »>      50    ,,     15  ,, 

r  *   i» 

I  6       „ 

1  „  160 
1  „  1200 

>»         »>      50    „     18  ,, 

/  5       „ 
1  6       »            » 

1  „  350 

1  „  900 

„         „      60    „     20  „ 

/  6       „ 

\  7       „ 

1  „  500 
1  „  1000 

No.  4,     „      50    „     20  „    \ 
or  32  ft.  sq.               / 

|  6       „ 
\  8       „ 

1  „  300 
1  „  1250 

No.  4,  each  45  ft.  square    .. 

J  9       „ 

110     „ 

1  „  600 
1  „  1000 

n        »»     55        ,,           .. 

(10       „            „  , 
\12       „ 

1  „  450 
1  „  1000 

„        „     70       .„           .. 

(12       „ 
\15       „ 

1  „  400 
1  „  1200 

ii         n      76         „ 

115       "            " 

1  „  275 
1  „  850 

„     90        „ 

(15       „ 
\18       „ 

1  „  480 
1  „  1200 

No.  6    „     77£      „ 

(18       „ 
\21       „ 

1  „  750 
1  „  1700 

»        »    173        ,,           .. 

/  2J  feet,          „ 
1  3      „ 

1  „  400 
1  „  1000 

»        »>    "5        ,,           .. 

(  3      „ 

1  „  250 
1  „  1000 
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TABLE  XIV. — WATER  SUPPLY  by  PCMPINQ — 


Population. 

Supply  Required  at  20  Gallons 
per  Head. 

Hours 
during 
which  It  is 
proposed 
to  Pump. 

Net  Horse- 
power to 
raise  to 
100  Feet 
Elevation. 

Dally. 

Equivalent 
per  Minute. 

500 

gallons 
10,000 

gallons 
7 

4 

1| 

1,000 

20,000 

14 

6 

11 

2,000 

40,000 

28 

10 

2 

3,000 

60,000 

42 

10 

3 

5,000 

100,000 

70 

10 

5 

6,000 

120,000 

84 

10 

6 

8,000 

160,000 

112 

10 

8 

10,000 

200,000 

139 

10 

10* 

20,000 

400,000 

278 

18 

111 

30,000 

600,000 

417 

24 

121 

50,000 
60,000 

1,000,000 
1,200,000 

694 
833 

24 
24 

21 
25J 

80,000 

1,600,000 

1,111 

24 

33* 

100,000 

2,000,000 

1,389 

24 

42 

500,000 

10,000,000 

6,944 

24 

210 

1,000,000 

20,000,000 

13,889 

24 

421 
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WORKS  for  GIVEN  POPULATION. 


Dimensions 
of  Single 
Pump, 
working 
10  Strokes 
per  Minute. 

Dimensions  of 
Pumping  Main. 

Service  Reservoir  to  hold 
Three  Days'  Supply. 

Main  Delivery 
Pipe  to  Paas  at 
Rate  of  One-half 
ID  Four  Hours. 

Mum 

Stroke. 

Diam. 

Loss  of 
Head. 

Diam. 

Loss  of 
Head. 

in. 
8 

ft.    in. 
2    0 

in. 
3 

1  in  110 

22ft.sq.  by  10  ft.  deep 

in. 
3 

1  in  400 

9 

2    0 

4 

1  „  450 

31      „          10      „ 

4 

1,,  450 

10 

2    0 

5 

1  „  500 

40      „          12      „ 

5 

1,,  350 

12 

2    1 

5 

1  „  240 

49      „          12      „ 

6 

1  „  380 

14 

2    6 

6 

1  „  220 

56$    „         15      „ 

8 

1  „  580 

15 

2    8 

7 

1  „  330 

62      „          15      „ 

8 

1  ,.  400 

16 

3    0 

8 

1  „  350 

71i    „         15     „ 

9 

1,,  400 

18 

3     1 

9 

1  „  400 

80      „         15      „ 

10 

1,,  450 

18 

3    4} 

9 

1  „  335 

98      „         20      „ 

15 

1  „  850 

18 

3    9 

10 

1  „  450 

120      „         20      „ 

15 

1  „  440 

21 

5    0 

12 

1  „  400 

155      „         20      „ 

18 

1  „  310 

24 

4    3 

15 

1  „  850 

170      „         20      „ 

21 

1  „  500 

24 

5    8 

15 

1  „  475 

196      „         20      „ 

24 

1  „  570 

24 

7    0 

18 

1  „  770 

220      „         20      „ 

27 

1  „  650 

3-9 

10    0 

ft.   in. 
2    6 

1  „  385 

438      „         25      „ 

ft.  in. 
4     0 

1  „  500 

5-0 

11    4 

3    0 

1  „  245 

620      „         25      „ 

6     0 

1  „  880 
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TABLE  XVI. — QUANTITY  of  BRICKWORK  in  CIRCULAR  SEWERS, 
CULVERTS,  or  WELLS. 

NOTE. — The  quantity  of  earth   displaced  will  be  the   sum  of  the 
contents  and  brickwork  added  together. 


Contents 

Brickwork  per 

Contents 

Brickwork  per 

Internal 

iHameter. 

of 
One 
Lineal 
Yard. 

Lineal  Yard. 

Internal 
Diameter. 

of 
One 
Lineal 
Yard. 

Lineal  Yard. 

4i  Inches 
Thick. 

9  Inches 
Thick. 

9  Inches 
Thick. 

14  Inches 
Thick. 

ft.    in. 

cub.  ft. 

cub.  ft. 

cub.  ft. 

ft.    in. 

cub.  ft. 

cub.  ft. 

cub.  ft. 

1     6 

5-3 

6-6 

15-9 

6    0 

84-8 

47-7 

75-6 

1    9 

7-2 

7-5 

17-7 

6    6 

99-5 

51-2 

80-8 

2    0 

9-4 

8-4 

19-4 

7    0 

115-5 

54-8 

86-1 

2    3 

11-9 

9-3 

21-2 

7    6 

132-5 

58-3 

91-5 

2    6 

14-7 

10-1 

23-0 

8    0 

150-8 

61-8 

96-8 

2    9 

17-8 

iro 

24-7 

8    6 

170-2 

65-4 

102-1 

3    0 

21-2 

11-9 

26-5 

9    0 

190-9 

68-9 

107-4 

3    3 

24-9 

12-7 

28-3 

9    6 

212-6 

72-4 

112-7 

3    6 

*8-9 

13-7 

30-0 

10    0 

235-6 

76-0 

118-0 

3    9 

33-1 

14-6 

31-8 

11     0 

285-1 

83-1 

128-5 

4    0 

37-6 

15-5 

33-6 

12    0 

339-3 

90-0 

139-1 

4    6 

47-7 

17-2 

37-1 

13    0 

398-2 

97-2 

149-8 

5    0 

58-9 

19-0 

40-6 

14    0 

461-8 

104-2 

160-35 

5    6 

71-3 

20-7 

44-2 

15    0 

530-1 

111-3 

171-0 

TABLE  XVII. — QUANTITY  of  BRICKWORK  in  EGG-SHAPED  SEWEBS. 


Contents 

Brickwork  per 

Contents 

Brickwork  per 

Internal 

of 
One 

Lineal  Yard. 

Internal 

of 
One 

Lineal  Yard. 

Dimensions. 

Lineal 
Yard. 

4*  In. 

Thick. 

9  In. 
Thick. 

Dimensions. 

Lineal 
Yard. 

4*  In. 
Thick. 

9  In. 
Thick. 

ft.  in.    ft.  in. 

cub.  ft. 

cub.  ft. 

cub.  ft. 

ft.  in.    u.  in. 

cub.  ft. 

cub.  ft. 

cub.  ft. 

2    Oxl    4 

6-0 

7'4 

1C-  5 

3    6x2    4 

18-5 

11-6 

25-5 

2    3x1     6 

8-2 

8-1 

18-8 

3    9x2    6 

21-2 

12-4 

26-9 

2    6x1     8 

9-4 

8-8 

20-1 

4    0x2    8 

24-2 

13-0 

28-3 

2    9x1  10 

11-4 

9-5 

21-4 

4    6x3    0 

32-9 

14-4 

31-1 

3    0x2    0 

13-6 

10-2 

22-7 

5    0x3    4 

37-7 

15-8 

34-0 

3    3x2    2 

15-9 

10-9 

24-0 

6    0x4    0 

54-2 

18-8 

39-4 

In  egg-shaped  sewers  about  one-seventh  part  of  the  brickwork  forms 
the  invert,  three-sevenths  the  top,  and  three-sevenths  the  sides.  The 
two  former  should  generally  be  built  with  radiating  bricks  of  the 
radius  required  in  each  case. 
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TABLE  XVIII. — WEIGHT  of  CAST-IRON  PIPES. 

NOTE. — The  weight  includes  proportion  due  to  sockets,  pipes  of 
2  and  2j  inches  diameter  being  in  6-feet  lengths,  pipes  3  to  12  inches 
inclusive  in  9-feet  lengths,  and  those  of  larger  size  in  12-feet  lengths, 
exclusive  of  socket. 


Internal 
Diameter 
of  Pipe. 

For  Pressure  not 
exceeding  150  Feet 

For  Pressure  not 
exceeding  300  Feet. 

For  Pressure  not 
exceeding  500  Feet. 

Thick- 
ness  of 
Metal. 

Weight 
per  Yard. 

Thick- 
ness of 
Metal. 

Weight 
per  Yard. 

Thick- 
ness of 
Metal. 

Weight 
per  Yard. 

inches 
2 

inch 
ft 

cwt.  qrs.  Ibs 
0    2    24 

inch 

cwt.  qrs.  Ibs 
0   0   26 

inch 

tt 

cwt.  qrs.  Ibs. 
010 

2J 

ft 

0     1      0 

H 

012 

1 

016 

3 

TV 

015 

H 

0    1      9 

1 

0    1    14 

4 

H 

0     1     22 

1 

0    1    26 

TV 

025 

5 

1 

0    2     14 

TV 

0   2   21 

i 

034 

6 

1 

0    2    21 

TV 

035 

§ 

0   3   21 

7 

TV 

0    3    24 

* 

1    0    12 

TV 

1    1      0 

8 

TV 

1     0    12 

J 

110 

ft 

1    1    21 

9 

i 

1     1     12 

ft 

122 

1 

1    2    21 

10 

i 

120 

ft 

1    2    21 

s 

¥ 

1    3    14 

12 

'A 

200 

1 

2   0   25 

H 

2    1    21 

14 

f 

2    2     18 

H 

2   3   21 

1 

3   0   21 

15 

s. 

237 

W 

.3   0    10 

it 

3   2    14 

16 

1 

300 

I 

329 

1 

4   0   21 

18 

it 

330 

f 

400 

T* 

4   3   21 

21 

11 

410 

13 
T8 

500 

1 

6    1    14 

24 

1 

510 

1 

610 

H 

800 

27 

I 

600 

tt 

720 

JTV 

910 

30 

i 

7    3     14 

1 

8   3   21 

1J 

11    1      0 

36 

1 

10    2    21 

1* 

11    2    14 

U 

15   3    14 
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A  Pocket- Book  for  Chemists,  Chemical  Manufacturers, 

Metallurgists,  Dyers,  Distillers,  Brewers,  Sugar  Refiners,  Photographers, 
Students,  etc.,  etc.  By  THOMAS  BAYLEY,  Assoc.  R.C.  Sc.  Ireland,  Ana- 
lytical and  Consulting  Chemist  and  Assayer.  Third  edition,  with 
additions,  437  pp.,  royal  321110,  roan,  gilt  edges,  5.?. 

SYNOPSIS  OF  CONTENTS  : 

Atomic  Weights  and  Factors — Useful  Data — Chemical  Calculations — Rules  for  Indirect 
Analysis  —  Weights  and  Measures  —  Thermometers  and  Barometers  —  Chemical  Physics  — 
Uoiling  Points,  etc. — Solubility  of  Substances — Methods  of  Obtaining  Specific  Gravity — Con- 
version of  Hydrometers — Strength  of  Solutions  by  Specific  Gravity — Analysis — Gas  Analysis — 
Water  Analysis — Qualitative  Analysis  and  Reactions — Volumetric  Analysis — Manipulation — 
Mineralogy  —  Assaying  —  Alcohol —  Beer —  Sugar  —  Miscellaneous  Technological  matter 
relating  to  Potash,  Soda,  Sulphuric  Acid,  Chlorine,  Tar  Products,  Petroleum,  Milk,  Tallow, 
Photography,  Prices,  Wages,  Appendix,  etc.,  etc. 

The  Mechanician :    A  Treatise  on  the  Construction 

and  Manipulation  of  Tools,  for  the  use  and  instruction  of  Young  Engineers 
and  Scientific  Amateurs,  comprising  the  Arts  of  Blacksmithing  and  Forg- 
ing ;  the  Construction  and  Manufacture  of  Hand  Tools,  and  the  various 
Methods  of  Using  and  Grinding  them  ;  the  Construction  of  Machine  Tools, 
and  how  to  work  them  ;  Machine  Fitting  and  Erection  ;  description  of 
Hand  and  Machine  Processes  ;  Turning  and  Screw  Cutting  ;  principles  of 
Constructing  and  details  of  Making  and  Erecting  Steam  Engines,  and  the 
various  details  of  setting  out  work,  etc.,  etc.  By  CAMERON  KNIGHT, 
Engineer.  Containing  1147  illustrations,  and  397  pages  of  letter-press. 
Third  edition,  410,  cloth,  l&r. 
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On  Designing-  Belt  Gearing.      By  E.   J.   COWLING 

WKI.I  n,  Mem.  Inst.  Mech.  Engineers,  Author  of  'Designing  Valve 
Gearing.'  Fcap.  8vo,  sewed,  6d. 

A  Handbook  of  Formuhc,  Tables,  and  Memoranda, 

for  Architectural  Surveyors  and  others  engaged  in  Building.  By  J.  T. 
HURST,  C.E.  Thirteenth  edition,  royal  32mo,  roan,  ST. 

"  It  U  no  disparagement  to  the  many  excellent  publications  we  refer  to,  to  say  that  in  our 
opinion  this  little  pocket-book  of  Hurst's  is  the  very  best  of  them  all,  without  any  exception. 
It  would  be  useless  to  attempt  a  recapitulation  of  the  contents,  for  it  appears  to  contain  almost 
everything  that  anyone  connected  with  building  could  require,  and,  best  of  all,  made  up  in  a 
compact  form  for  carrying  in  the  pocket,  measuring  only  5  in.  by  3  in.,  and  about  f  in.  thick, 
in  a  limp  cover.  We  congratulate  the  author  on  the  success  of  his  laborious  and  practically 
compiled  little  book,  which  has  received  unqualified  and  deserved  praise  from  every  profes- 
sional person  to  whom  we  have  shown  it." —  Tlie  Dublin  Builder. 

Tabulated   Weights   of  Angle,    Tee,    Bulb,    Round, 

Square,  and  Flat  Iron  and  Steel,  and  other  information  for  the  use  of 
Naval  Architects  and  Shipbuilders.  By  C.  H.  JORDAN,  M.I.N.A.  Fourth 
edition,  32010,  cloth,  2s.  <od. 

Quantity  Surveying.    By  J.  LEANING.    With  42  illus- 
trations, crown  8vo,  cloth,  gs. 

CONTENTS : 

A    complete    Explanation    of   the    London    |     Schedule  of  Prices. 

Practice.  Form  of  Schedule  of  Prices. 


General  Instructions. 


Analysis  of  Schedule  of  Prices. 


Order  of  Taking  Off.  Adjustment  of  Accounts. 

Modes  of  Measurement  of  the  various  Trades.  Form  of  a  Bill  of  Variations. 

Use  and  Waste.  Remarks  on  Specifications. 

Ventilation  and  Warming.  !     Prices     and     Valuation     of     Wor!;.     with 

Credits,  with  various  Examples  of  Treatment,  j         Examples  and  Remarks  upon  each  Trade. 

Abbreviations.  The  Law  as  it  affects  Quanti' 


:  ing  the  Dimensions. 


with  Law  Reports. 


Abstracting,  with  Examples  in  illustration  of  Taking  Off  after  the  Old  Method. 

each  Trade.  Northern  Practice. 

Billing.  ;    The    General    Statement    of    the    Methods 

Examples  of  Preambles  to  each  Trade.  recommended  by  the  Manchester  Society 

Form  for  a  Bill  of  Quantities.  of  Architects  for  taking  Quant: 


Do.     '  Bill  of  Credits. 

Do.        Bill  for  Alternative  Estimate. 
Restorations  and  Repairs*  and  Form  of  Bill. 
Variations  before  Acceptance  of  Tender. 
Errors  in  a  Builder's  Estimate. 


Examples  of  Collections. 
Examples  of  "  Taking  Off"  in  each  Trade. 
Remarks  on  the  Past  and  Present  Methods 
of  Estimating. 


A    Practical    Treatise   on   Heat,  as   applied  to    the 

Useful  Arts;   for  the  Use  of  Engineers,   Architects,  &c.     By  T 
Box.      With  \0tplates.     Third  edition,  crown  8vo,  cloth,  12s.  6d. 

A   Descriptive    Treatise  on  Mathematical  J 

Instruments:  their  construction,  uses,  qualities,  selection,  preservation, 
and  suggestions  for  improvements,  with  hints  upon  Drawing  and  Colour- 
ing. By  W.  F.  STANLEY,  M.R.I.  Fifth  edition,  with  numerous  //. 
crown  8vo,  cloth,  $s. 
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Spons  Architects  and  Builders  Pocket-Book  of  Prices 

and  Memoranda.  Edited  by  W.  YOUNG,  Architect.  Royal  32mo,  roan, 
4f.  (»i.  ;  or  cloth,  red  edges,  y.  (>d.  Published  annually.  Eleventh  edition. 
Now  ready. 

Long-Span  Railway  Bridges,  comprising  Investiga- 
tions of  the  Comparative  Theoretical  and  Practical  Advantages  of  the 
various  adopted  or  proposed  Type  Systems  of  Construction,  with  numerous 
Formulae  and  Tables  giving  the  weight  of  Iron  or  Steel  required  in 
Bridges  from  300  feet  to  the  limiting  Spans ;  to  which  are  added  similar 
Investigations  and  Tables  relating  to  Short-span  Railway  Bridges.  Second 
and  revised  edition.  By  B.  BAKER,  Assoc.  Inst.  C.E.  Plates,  crown  8vo, 
cloth,  5-r. 

Elementary  Theory  and  Calculation  of  Iron  Bridges 

and  Roofs.  By  AUGUST  RITTER,  Ph.D.,  Professor  at  the  Polytechnic 
School  at  Aix-la-Chapelle.  Translated  from  the  third  German  edition, 
by  H.  R.  SANKEY,  Capt.  R.E.  With  500  illustrations,  8vo,  cloth,  l$s. 

The  Builder  s  Clerk :  a  Guide  to  the  Management 

of  a  Builder's  Business.    By  THOMAS  BALES.    Fcap.  8vo,  cloth,  is.  6d. 

The    Elementary     Principles    of    Carpentry.       By 

THOMAS  TREDGOLD.  Revised  from  the  original  edition,  and  partly 
re-written,  by  JOHN  THOMAS  HURST.  Contained  in  5 1 7  pages  of  letter- 
press, and  illustrated  with  48  plates  and  150  -wood  engravings.  Third 
edition,  crown  8vo,  cloth,  i8J. 

Section  I.  On  the  Equality  and  Distribution  of  Forces  —  Section  II.  Resistance  of 
Timber  —  Section  III.  Construction  of  Floors  —  Section  IV.  Construction  of  Roofs  —  Sec- 
tion V.  Construction  of  Domes  and  Cupolas  —  Section  VI.  Construction  of  Partitions — 
Section  VII.  Scaffolds,  Staging,  and  Gantries — Section  VIII.  Construction  of  Centres  for 
Bridges — Section  IX.  Coffer-dams,  Shoring,  and  Strutting — Section  X.  Wooden  Bridges 
and  Viaducts — Section  XI.  Joints,  Straps,  and  other  Fastenings — Section  XII.  Timber. 

Our  Factories,    Workshops,   and  Warehouses:   their 

Sanitary  and  Fire-Resisting  Arrangements.  By  B.  H.  THWAITE,  Assoc. 
Mem.  Inst.  C.E.  With  183  wood  engravings,  crown  8vo,  cloth,  9^. 

Gold :  Its  Occurrence  and  Extraction,  embracing  the 

Geographical  and  Geological  Distribution  and  the  Mineralogical  Charae- 
»  ters  of  Gold-bearing  rocks ;  the  peculiar  features  and  modes  of  working 
Shallow  Placers,  Rivers,  and  Deep  Leads  ;  Hydraulicing  ;  the  Reduction 
and  Separation  of  Auriferous  Quartz  ;  the  treatment  of  complex  Auriferous 
ores  containing  other  metals  ;  a  Bibliography  of  the  subject  and  a  Glossary 
of  Technical  and  Foreign  Terms.  By  ALFRED  G.  LOCK,  F.R.G.S.  With 
numerous  illustrations  and  maps,  1250  pp.,  super-royal  8vo,  cloth, 
2/.  \2S.  6d. 
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.  /  Practical  Treatise  on  Coal  J\  lining.     By  GEORC.K 

G.  ANDRK,  K.Ci.S.,  Assoc.  Inst.  C.E.,  Member  of  the  Society  of  Engineers. 
I frit/i  82  lithographic  plates.  2  vols.,  royal  410,  cloth,  3/.  12s. 

Iron  Roofs:  Examples  of  Design,  Description.  Illus- 
trated -with  64  ll\>>-/:in^  Draw  .'  A'w/s.  liy  ARTHUR  T. 
WAI.MISI.KY,  Assoc.  Mem.  Inst.  C.K.  Imp.  410,  half- morocco,  £2  \2s.  (xt. 

A  History  of  Electric  Telegraphy,  to  the  Year  18^7. 

Chiefly  compiled  from  Original  Sources,  and  hitherto  Unpublished  Docu- 
ments, by  J.  J.  FAHIK,  Mem.  Soc.  of  Tel.  Engineers,  and  of  the  Inter- 
national Society  of  Electricians,  Paris.  Crown  8vo,  cloth,  gs. 

Spoils'  Information  for  Colonial  Engineers.     Edited 

by  J.  T.  HURST.     Demy  8vo,  sewed. 

No.  i,  Ceylon.    By  ABRAHAM  DEANE,  C.E.    zs.  6d. 
CONTENTS  : 

Introductory  Remarks — Natural  Productions  —  Architecture  and  Engineering  —  Topo- 
graphy, Trade,  and  Natural  History — Principal  Stations — Weights  and  Measures,  etc.,  etc. 

No.  2.  Southern  Africa,  including  the  Cape  Colony,  Natal,  and  the 
Dutch  Republics.  By  HENRY  HALL,  F.&G.St,  F.K.C.I.  With 
Map.  3J-.  6(/. 

CONTENTS  : 

General  Description  of  South  Africa — Physical  Geography  with  reference  to  Engineering 

i  ins — Notes  on  Labour  and   Material  in  Cape  Colony — Geological  Notes  on  Rock 

Formation  in  South  Africa — Engineering  Instruments  for  Use  in  South  Africa — Principal 

Public  Works  in  Cape  Colony:  Railways,  Mountain  Roads  and  Passes,   Harbour  Works, 

.   Gas  Works,   Irrigation  and  Water  Supply,   Lighthouses,  Drainage  and  Sanitary 

Engineering,  Public  Buildings,  Mine? — Table  of  Woods  in  South  Africa — Animals  used  for 

"Draught  Purposes — Statistical  Notes — Table  of  Distances — Rates  of  Carriage,  etc. 

No.  3.  India.   By  F.  C.  DANVERS,  Assoc.  Inst.  C.E.  With  Map.   4J.  6</. 
CONTENTS  : 

Physical  Geography  of  India — Building  Materials — Roads — Railways — Bridges — Irriga- 
tion—  River  Works  —  Harbours  —  Lighthouse  Buildings  —  Native  Labour  —  The  Principal 
Trees  of  India — Money — Weights  and  Measures — Glossary  of  Indian  Terms,  etc. 

A    Practical    Treatise   on    Casting  and   Founding, 

including  descriptions  of  the  modern  machinery  employed  in  the  art.  By 
N.  E.  SPRETSON,  Engineer.  Third  edition,  with  &2  plates  drawn  to 
scale,  412  pp.,  demy  8vo,  cloth,  i$s. 

Steam  Heating  for  Buildings;  or,   Hints  to  Steam 

Kit  ITS,  being  a  description  of  Steam  Heating  Apparatus  for  Warming 
and  Ventilating  Private  Houses  and  Large  Buildings,  with  remarks  on 
Steam,  Water,  and  Air  in  their  relation  to  Heating.  By  W.  J.  P.Ai.mviN. 
With  many  illustrations.  Fourth  edition,  crown  8vo,  cloth,  IOJ.  6</. 


PUBLISHED  BY  E.  &  F.  N.  SPON. 


The  Depreciation  of  Factories  and  their   Valuation. 

By  EWING  MATHKSON,  M.  Inst.  C.E.    8vo,  cloth,  6s. 

A  Handbook  of  Electrical  Testing.    By  H.  R.  KEMI-:  , 

M.S.T.E.     Third  edition,  revised  and  enlarged,  crown  Svo,  cloth,  15^. 

Gas  Works :  their  Arrangement,  Construction,  Plant, 

and  Machinery.  By  F.  COLYER,  M.  Inst.  C.E.  With  31  folding  plates, 
8vo,  cloth,  24?. 

The  Clerk  of  Works:  a  Vade-Mecum  for  all  engaged 

in  the  Superintendence  of  Building  Operations.  By  G.  G.  HOSKINS, 
F.R.I.B.A.  Third  edition,  fcap.  8vo,  cloth,  is.  6</. 

American   Foundry  Practice :    Treating   of   Loam, 

Dry  Sand,  and  Green  Sand  Moulding,  and  containing  a  Practical  Treatise 
upon  the  Management  of  Cupolas,  and  the  Melting  of  Iron.  By  T.  D. 
WEST.  Practical  Iron  Moulder  and  Foundry  Foreman.  Second  edition, 
with  numerous  illustrations,  crown  Svo,  cloth,  los.  6d. 

The  Maintenance  of  Macadamised  Roads.     By  T. 

CODRINGTON,  M.I.C.E,  F.G.S?,  General  Superintendent  of  County  Roads 
for  South  Wales.  Svo,  cloth,  6s. 

Hydraulic   Steam   and  Hand  Power  Lifting  anL 

Pressing  Machinery.  By  FREDERICK  COLYER,  M.  Inst.  C.E.,  M.  Inst.  M.E. 
With  73  plates,  Svo,  cloth,  l8j. 

Pumps  and  Pumping  Machinery.      By  F.  COLYER, 

M.I.C.E.,  M.I.M.E.      With  23  folding  plates,  Svo,  cloth,  12s.  (xt. 

J^he  Municipal  and  Sanitary  Engineer  s  Handbook. 

By  H.  PERCY  BOULNOIS,  Mem.  Inst.  C.E-,  Borough  Engineer,  Ports- 
mouth. With  numerous  illustrations,  demy  Svo,  cloth,  12s.  6d. 

CONTENTS  : 

The  Appointment  and  Duties  of  the  Town  Surveyor — Traffic — Macadamised  Roadways— 
Steam  Rolling— Road  Metal  and  Breaking — Pitched  Pavements — Asphalte — Wood  Pavements 
— Footpaths — Kerbs  and  Gutters — Street  Naming  and  Numbering— Street  Lighting — Sewer- 
age—Ventilation of  Sewers — Disposal  of  Sewage — House  Drainage — Disinfection — Gas  and 
Water  Companies,  &c..  Breaking  up  Streets — Improvement  of  Private  Streets — Borrowing 
Powers— Artizans'  and  Labourers'  D\velling^ — Public  Conveniences — Scavenging,  including 
Street  Cleansing— Watering  and  the  Removing  of  Snow — Planting  Street  Trees — Deposit  of 
Plans — Dangerous  Buildings — Hoardings — Obstructions — Improving  Street  Lines — Cellar 
Openings — Public  Pleasure  Grounds — Cemeteries — Mortuaries — Cattle  and  Ordinary  Markets 
— Public  Slaughter-houses,  etc. — Giving  numerous  Forms  of  Notices,  Specifications,  and 
General  Information  upon  these  and  other  subjects  of  great  importance  to  Municipal  Engi- 
neers and  others  engaged  in  Sanitary  Work. 
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Tables  of  tJic  Principal  Speeds  occurring  in  Mechanical 

/.'//i,'/'/iV;v>.'tS ,  impressed  in  metres  in  a  second.  By  P.  KEERAYEFF,  Chief 
Mechanic  of  the  Obouchoff  Steel  Works,  St.  Petersburg ;  translated  by 
SERGIUS  KKKN,  M.E.  Fcap.  Svo,  sewed,  6d. 

A  Treatise  on  the  Origin,  Progress,  Prevention,  and 

Cure  cf  Dry  Rot  in  Timber;  with  Remarks  on  the  Means  of  Preserving 
Wood  from  Destruction  by  Sea- Worms,  Beetles,  Ants,  etc.    By  THOMAS 
ALLEN  BRITTON,  late  Surveyor  to  the  Metropolitan  Board  of  W 
etc.,  etc.     With  10  plates,  crown  Svo,  cloth,  7*.  6d. 

Metrical  Tables.     By  G.  L.  MOLESWORTH,  M.I.C.E. 

32010,  cloth,  is.  6d. 

CONTENTS. 

General — Linear  Measures — Square  Measures — Cubic  Measures — Measures  of  Capacity — 
Weights — Combinations — Thermometers. 

Elements  of  Construction  for  Electro-Magnets.     By 

Count  TH.  Dr  MONCEL,  Mem.  de  1'Institut  de  France.  Translated  from 
the  French  by  C.  J.  WHARTON.  Crown  Svo,  cloth,  $s,  6d. 

Electro -Telegraphy.       By  FREDERICK   S.    BEECIIF.V, 

Telegraph  Engineer.  A  Book  for  Beginners.  Illustrated.  Fcap.  Svo, 
sewed,  6d. 

Handrail i  ng :  by  the  Square  Cut.     By  JOHN  JONES, 

Staircase  Builder.    Fourth  edition,  -with  seven  plates,  Svo,  cloth,  3^.  6d. 

Handr ailing :  by  the  Square  Cut.     By  JOHN  JONKS, 

Staircase  Builder.     Part  Second,  with  eight  plates,  Svo,  cloth,  3-r.  6d. 

Practical  Electrical  Units  Popularly  Explained,  with 

uitmcrciii  illustrations  and  Remarks.  By  JAMES  SWINIIURNE,  late  of 
I.  W.  Swan  and  Co.,  Paris,  late  of  Brush-Swan  Electric  Light  Company, 
U.S.A.  iSmo,  cloth,  is.  6d. 

PJiilippReis,  Inventor  of  the  Telephone:  A  Biographical 

Sketch.  With  Documentary  Testimony,  Translations  of  the  Original 
Papers  of  the  Inventor,  &c.  By  SILVANUS  P.  THOMPSON,  H.A.,  l>r.  Sc., 
Professor  of  Experimental  Physics  in  University  College,  Bristol.  With 
illustrations,  Svo,  cloth,  "Js.  6d. 

A  Treatise  on  the  Use  of  Belting  for  the  Transmis- 
sion of  Pouer.  By  J.  H.  COOPER.  Second  edition,  illustrated,  Svo, 
cloth,  i  $j. 
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A  Pocket-Book  of  Useful  Formula  and  Memoranda 

for  Civil  and  Mechanical  Engineers,  By  GuiLFORD  L.  MOLESWORTH, 
Mem.  Inst.  C.E.,  Consulting  Engineer  to  the  Government  of  India  for 
State  Railways.  With  numerous  illustrations,  744  pp..  Twenty-first 
edition,  revised  and  enlarged,  32010,  roan,  6s. 

SYNOPSIS  OF  CONTENTS: 

Surveying,  Levelling,  etc. — Strength  and  Weight  of  Materials — Earthwork,  Brickwork, 
Masonry,  Arches,  etc. — Struts,  Columns,  Beams,  and  Trusses — Flooring,  Roofing,  and  Roof 
Trusses — Girders,  Bridges,  etc. — Railways  and  Roads — Hydraulic  Formulae — Canals,  Sewers, 
Waterworks,  Docks — Irrigation  and  Breakwaters — Gas,  Ventilation,  and  Warming — Heat, 
Light,  Colour,  and  Sound — Gravity :  Centres,  Forces,  and  Powers — Millwork,  Teeth  of 
Wheels,  Shafting,  etc. — Workshop  Recipes — Sundry  Machinery — Animal  Power — Steam  and 
the  Steam  Engine — Water-power,  Water-wheels,  Turbines,  etc. — Wind  and  Windmills — 
Steam  Navigation,  Ship  Building,  Tonnage,  etc.' — Gunnery,  Projectiles,  etc. — Weights, 
Measures,  and  Money — Trteonometry,  Conic  Sections,  and  Curves— Telegraphy — Mensura- 
tion—Tables of  Areas  ancTCircumference,  and  Arcs  of  Circles — Logarithms,  Square  and 
Cube  Roots,  Powers — Reciprocals,  etc. — Useful  Numbers — Differential  and  Integral  Calcu- 
lus— Algebraic  Signs — Telegraphic  Construction  and  Formulae. 

Spons     Tables    and   Memoranda    for    Engineers; 

selected  and  arranged  by  J.  T.  HURST,  C.E.,  Author  of  'Architectural 
Surveyors'  Handbook,' '  Hurst's  Tredgold's  Carpentry,'  etc.  Fifth  edition, 
64010,  roan,  gilt  edges,  is. ;  or  in  cloth  case,  is.  (>d. 

This  work  is  printed  in  a  pearl  type,  and  is  so  small,  measuring  only  2^  in.  by  it  in.  by 
i  in.  thick,  that  it  may  be  easily  carried  in  the  waistcoat  pocket. 

"  It  is  certainly  an  extremely  rare  thing  for  a  reviewer  to  be  called  upon  to  notice  a  volume 
measuring  but  2i  in.  by  if  in.,  yet  these  dimensions  faithfully  represent  the  size  of  the  handy 
little  book  before  us.  The  volume — which  contains  118  printed  pages,  besides  a  few  blank 
pages  for  memoranda — is,  in  fact,  a  true  pocket-book,  adapted  for  being  carried  in  the  waist- 
coat pocket,  and  containing  a  far  greater  amount  and  variety  of  information  than  most  people 

would  imagine  could  be  compressed  into  "so  small  a  space The  little  volume  has  been 

compiled  with  considerable  care  and  judgment,  and  we  can  cordially  recommend  it  to  our 
readers  as  a  useful  little  pocket  companion." — Engineering. 

A    Practical    Treatise   on    Natural  and  Artificial 

Concrete,  its  Varieties  and  Constructive  Adaptations.  By  HENRY  REID, 
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Electricity  as  a  Motive  Power.     By  Count  TH.  Du 

MONCEL,  Membre  de  1'Institut  de  France,  and  FRANK  GERALDY,  Inge- 
nieur  des  Fonts  et  Chaussees.  Translated  and  Edited,  with  Additions,  by 
C.  J.  WHARTON,  Assoc.  Soc.  Tel.  Eng.  and  Elec.  With  113  engravings 
and  diagrams,  crown  8vo,  cloth,  "js.  6d. 

Hints  on  Architectural  Draughtsmanship.    By  G.  W. 

TUXFORD  HALLATT.    Fcap.  8vo,  cloth,  is.  6d. 


CATALOGUE  OF  SCIENTIFIC  BOOKS 

•Gears,  with  special  consideration 

of  the  Link-Motions  of  Locomo;   ,  .      By  ])r.  Grs  TAV  X: 

Professor  of  Applied  Mechanics  at  the  Confederated  I'olylechnikum  <•! 
Xurich.  Translated  from  the  Fourth  German  Edition,  by  Professor  J.  1  . 
KLEIN,  Lehigh  University,  Bethlehem,  Pa.  Illustrated,  8vo,  cloth,  12s.  6,.''. 

The    French  -  Polishers   Manual.       By   a    French- 

PolNhcr;  containing  Timber  Staining,  Washing,  Matching,  Improving, 
Painting,  Imitations,  IHrections  for  Staining,  Si/ing,  Embodying, 
Smoothing,  Spirit  Varnishing,  Ercnch-Polishing,  Directions  for  Re- 
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4to,  cloth,  I2J.  6(/. 

Dynamo-Electric  Mack  \  Manual  for  Students 

">-technics.  By  SII.VAXU-  P.  TIIOMTSIIN,  B.A.,  D.Sc.,  Professor 
of  Experimental  Physics  in  University  College,  Bristol,  etc.,  etc.  /////.'- 
/ 'rated,  Svo,  cloth,  I2j.  6</. 


PUBLISHED  BY  E.  &  F.  N.  SPON. 


The  New  Formula  for  Mean  Velocity  of  DiscJiarge 
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zontal ami  Vertical  Watenuheels,  specially  designed  for  the  use  of  opera- 
tive mechanics.  By  WILLIAM  CULLEN,  Millwright  and  Engineer.  With 
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comprising  a  variety  of  useful  information  for  Employer  and  Workman, 
Government  Inspectors,  Board  of  Trade  Surveyors,  Engineers  in  charge 
of  Works  and  Slips,  Foremen  of  Manufactories,  and  the  general  Steam- 
using  Public.  By  MAURICE  JOHN  SKXTO.N.  Second  edition,  royal 
321110,  roan,  gilt  edges,  5-r. 
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